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1. Introduction 
Thick brecciated rock layer (regolith) and 
numerous craters on the moon indicate that the moon 
has gone through intense meteoroid bombardment. 
Some meteorites originate from the moon. 
Considering thick regolith and many craters, it is 
likely that some meteorites have records of such 
dynamic events occurred on the moon. The existence 
of a high-pressure polymorph is suggestive of 
high-pressure and high-temperature conditions; i.e., 
heavily shocked meteorites include high-pressure 
polymorphs. However, several previous studies 
proposed that high-pressure polymorphs are hardly 
contained in lunar surface materials (lunar meteorite 
and Apollo samples) because most high-pressure 
polymorphs melted and disappeared through 
high-temperature condition induced by a dynamic 
event under rarefied atmosphere on the moon [1-2]. 
Nonetheless, Ohtani et al (2011) [3] investigated 
lunar meteorite, Asuka 881757, and identified 
high-pressure polymorphs of silica, coesite and 
stishovite. Recent studies also identify high-pressure 
polymorphs of olivine, wadsleyite and ringwoodite in 
lunar meteorites [4-5]. In this study, we investigated 
a lunar meteorite, NWA 4734 to clarify a dynamic 
event occurred on the moon, and especially focused 
our interests on silica. 
2. Material and experimental methods 
We prepared lunar meteorite, NWA 4734 thin 
section for this study. NWA 4734 originates from 
lunar basalt, and contains many shock-melt veins and 
melt-pockets, implying that NWA 4734 was heavily 
shocked. We identified minerals using a Raman 
spectroscopy subsequent to a filed-emission gun 
scanning electron microscope (FEG-SEM) 
observation. The compositions of minerals were 
determined with an electron micro-probe analyzer 
(EMPA). We also used focused ion beam (FIB) 
system, synchrotron X-ray diffraction (XRD) and 
transmission electron microscope (TEM) to identify 
high-pressure polymorphs. 
3. Results and discussion 
Most silica grains in NWA 4734 are cristobalite 
based on Raman spectroscopy analysis. 
Back-scattered electron (BSE) images show that 
many cristobalite grains show mosaic-like textures. 
On the other hand, cristobalite grains adjacent to 
shock-melt veins or melt-pockets show tweed-like 
textures. We excavated such silica grains having 
tweed-like textures using a FIB system, and became 
block pieces. We put the block pieces on a single 
crystal diamond and scanned them with a 
synchrotron X-ray at SPring-8 BL-10. We identified 
a high-pressure polymorph of silica, alpha-PbO2 type 
silica (seifertite) based on the X-ray diffraction 
(XRD) patterns. Seifertite was identified only from 
shocked Martian meteorites so far [6]. BSE images 
show that some cristobalite grains in the host-rock of 
NWA 4734 have lamellae-like textures. Raman 
spectroscopy analysis and XRD patterns reveal that 
such silica grains include stishovite along with 
cristobalite. Nano-sized coesite grain assemblages 
were also found in silica grains entrained in the 
shock-melt veins. 
Phase equilibrium diagram deduced from static 
high-temperature and high-pressure synthetic 
experiments indicate that the stable pressure filed of 
seifertite is ~100 GPa or more [e.g., Ref. 7]. On the 
other hand, recent several studies propose that the 
stable pressure filed of seifertite depends on starting 
material for a synthetic experiment and impurity (e.g., 
Al)[8-9]. The original silica in NWA 4734 is 
cristobalite and contains small amounts of Al (< 0.99 
wt% as Al2O3). Considering its original material and 
impurity, shock-pressure condition recorded in NWA 
4734 would be ~40 GPa or more.  
40
Ar-
39
Ar radio-isotopic age of NWA 4734 is 
~2.7 Ga [10], which is the one of the youngest ages 
among lunar meteorites. 
40
Ar-
39
Ar radio-isotopic age 
is very sensitive to thermal metamorphism. 
High-pressure polymorphs easily vitrify by heating 
under ambient pressure condition. NWA 4734 has not 
suffered from any thermal metamorphism after the 
dynamic event formed coesite, stishovite and 
seifertite. The dynamic event formed coesite, 
stishovite and seifertite would occurred ~2.7 Ga ago. 
Our finding allows us to infer that intense meteoroid 
impact had continued on the moon till ~2.7 Ga at 
least. 
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